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Abst.raQl
‘1’cchology capability mxis for fuhm  callb scicncc
space missions have ken collcc(ed as an input to
N A S A ’ s  Ncw Millennium Program. Gmdidm
tcclll)olc~gicslol]~cct these capability needs have bccn
idc.l)(iflcd and a SC( of c’andida(c mission ar-chitcc(urcs
dcvclopcd. ‘J’his paper dcscribcs the process Ihat was
used to develop the capability needs and Iis(s the
needs lhat resulted from that process. ‘I’l]csc. ca~~al~ility
needs arc presented and discussed 10 cncouragc lhc
dcvclopmcnt  of new lcclmologics to meet tbc uccds.

Ncw Mi!kmhuu  I’r(umim
NASA’s Ncw Millennium Plogram has (he goal of
lcvolutioni~ing spare and earth scictlcc  programs to
achicvc. exciting and frequent missions in the 21 N
ccn(ur-y. “Ihe apploach taken involves dcmo]]sualing
al~d validating rcvolutiouary teclmologic.s  in order to
rcducc dcvclopmcmt  time. s and Iifc cycIc mission
costs. Ihc program aims to dcmonstra(e high value
(cchuologies through a scric.s of’ near term validation
flighls where (czhnology  dclnomtralion i s  t h e
ovcniding mission goal. ‘fhc [ccl~nology vali(iatiou
projcc(s  arc carried out with the sui~por[ of IIl(cgmkd
i’1’o(illcl  I)cvc.iopmcl)t ‘1’cams (11’IY1’s) wilicil arc
responsible. for identifying an[i suppiying i]igh value
lccltnologics (o tlm flight sysIcm development lcams.

Capability N4fdsIkYc!oDI~IcLll  !’NXXSS
‘1’ilc Ncw Miilcnllium program began witi~ a dc.cp
space cmpimis  hut it has rccc.ntiy t)cgull (0 focus on
ttlC Ilccds of N A S A ’ s Missio]) 1 0  l’lal]cl ]iarl]l
(M’1’11{) Ihltcrpisc.  Because of future budgetary
constraints, tile M’1’1’E program has cs[abliskd the
p,oals of ensuring continuity of existing criticat Iiarlh
observing System (fZOS) measurements at reduced
COSI a s  w e l t  a s  pcrfoming  addilionat imporlant
]m.asurcmcnts enabled by new technology.

~:&yJ ight @ 1996 by ti~c American Instituk  of
Ac.rmau(ics and Astronautics, Inc. Ail rigi~ts reserved.

‘1’i]c rcsimsc  of Ncw Miiicnl~ium to mcc[ [hc hl’1’i’li
goais is to dcmomtratc tccimologics of spcciflc value.
10 fu[urc card] scicncc missions in a series of low cos(,
rapi(i tunlaroun(i carli] orbiting missions.
l’hc firs[ s[ci~ in focusing 011 carli~ scicncc. needs was
to coiic.c[ the. views of (IK majol- constituencies, OIIC
of tiwsc was rcprcscnm4i by a group of carlil scic.ntists
w h o  met a( a workshop in 1 mdovcl  Matylawd in
h4arci] 1995 at tile invitation of tile Ncw Millcn[lium
prograln. T h i s  g r o u p  idclitificd tim [cci)t~ology
capat~iti(y  nec(is of  four[cc]) f u t u r e  car(i) scicncc
]llission o r  mcasurcmcilt  ti~cmes. A ma[rix sliowing
(IK mission scicncc  themes vs. capability needs is
given in ‘l’able 1. “1’ilc asscvnbicci g[-oup ami a
Sut)scqucnt Scicncx W o r k i n g  Goup  mcctinf: i[)
l’asadcna  i n  Aprii, 1995, idcoliflcxi SCVCII o f  liwsc
Inissions as mosl iikcly to be a candi(iatc for a ncal
term N c w  Millcn]tium clcl[~olts[~-ali(~li mission, ‘1’IMxc
scvco arc i(icntified on (IK rigi~t ilan(i pa~-t of “1’at~ic i.
‘1’hc subscqucn[ w o r k witl) th is  cm]stilucncy t o
quantify capability nc.c{is and idcll[i fy app~ opria{c
kcilnotogics collcctlWatc(i  ou this sim [cl iist of seven
Illission science themes,
“1’im other major constitumlcy was lhc. Mission to
I’lancl I Wli]  program ofl’icc. l’hc ccn[crpiccc of the
M’1’l’l; is the Iiarlil  Obscrvi[lg  SystcIn, whose 1)1 imc
goai for tcclmology dcvciopmcnt  is to continue tbc
hi@ly  calihtcd li[)S mcasurcmcn[s iudcfinilc]y at
greatly rc(iuccd cos[. Atmti]er initiative, ti~c Iiattil
SyStCll\ Scicncc Patilfiu(icr ( I A S P ) ,  wiii u[i[im
a(ivanccd tccimlogy  (0 cllab]c mtat t y Ilcw
mcasurcmcnts. q’i)c process of identifying nce(is and
tcchno]ogics  followed by tllc M’I’[’I;  plogram office is
described below.

Yk Missi~ud?lmci  hrWQgrwI.:4-.YGG!1IIolQgY
rmxkLAsscssnlclll

‘1’hc M“J’J’I i program seeks to frmlhcr UNICI smdmg of
our planet as an integrated system consisting  of
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LIIKI, (KcaIK, and amosphcrc ml m mollilo! glcJIMil
clmgc.. f<cccm[ly,  a cmnprchm]sivc reshaping  CM(M w:ts
complrlcd lhal alig,rmi p r o g r a m  rcquircrncll[s wi[h
[,rtjcclcxl Imdgclfiry comlr-aillls. “1’llis acfivily idcntit’rcd
IK’W [cclltlol(~:y(l c.vc.lo])lllcllt” asa kcy irJglc41icnl ltlofl’sl’t
ar]tici]xilcxl Iillmcial Iirnita[ions. lnlcrrlal and cxkrrlal
]cvicw (cams postulatc4i lhat, if rluHurc 41, ncw ar]d
inrwvtilivc subsystem and syskm a[chitcclurcs would
merge.ml allow manyof (hcslatcd progiiun Objcc(ivrs
(c) k achicvcd wi(h l e s s  c.otnplcx flight scglucr][s ‘
r~x]uir-illg slm]kr dcvclopmc.n(  t i m e .  ckllcuilcllt
reductions in sys[cm si~c, mass, power, and comwlllal)lcs
would also cmablc (tic U.SC of smalkr sparxm(l ald
laum% vchiclcs. MOIC aulmornrrus ground opc[titiolis
wcrl’.als(~cllvisiollc~l tordt]cc.tl-a(litiO1lal staf[ingkvcls.
Itlrcslxlrlscl( ltl]isy’isiollof tlw fulurc, asys(clnatir, Kq~-
]CVC], prc~grwn-wide I’cclmolog,y Infusion Plan’ was
p r ~ ’ p a l e d  10 initia(c lhc plomss of idcrltifying kry
Icclmology ,wlvarwmcnts for liarlll scicncc  missions. A
lliclwcllical apprwich, shown pictorially inl;igulc 1, was
latwx) where missim otjcclivcs guide UK sclccli(m t~f
lllS(r Llll)Ci)( (CChl)Olo~Y  rlC& WhiC]l, 11) (11111, lriflLIL’l)CC
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y advar]ccrncm  in spacmafl  and fyou[ul
syslcm capabilities. A  focu,wxl, rcxluir-cimmts drivm
apptmch will) difccl project or uscI cormcclivi[y  w a s
s(mgl)t u) cflcclivcly Imr-ncss  supplier captibili[ics ml (0
Icvcla}:c avfiilablc  furlds so (1M useful  c.rd pr(rducls
woul(i rcsull. “1’lm IM(WCSS s[ar-fcd wifh a lcclumk)gy  rlccds
survey pcrf(mrmd by Il)c Goddard Space IUight (;ct]lcr
((; S1:(l) hf’1’}’11 p[ogram of[icc. Om[ritm[ions w e r e
autivc.ly solicikd lrorll ll]c. 1:2W Scic.rlrc  Comrnur)ily al)d
other  user  groups,  flight pmjccts, and the :,roml
[)lwrtitims t e a m  s o  llla[ all clcrnc.r~ts rcccivc(i propel
r~’[~r~:scrl(aliori.

];l~l)rl’ i. ‘i’c~tlrlo]ogy Ikvclo~MIwIII l)ynalllics
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‘1’wet columns of information arc. givcu for each uccd.
‘]’hc middle column contains [k Icvcl of capability
(hat would satisfy most of lhc future ]nissiom that
were s[ucticd. “Ihc last column shows a capability that
is (fcsirc.d by only me or two fulurc missims, IN other
words, a tcduology  dcmonstl ation that provided the
caJ~ability showu in the middle column would provide
a valuahlc  s(cp fo rward  wh i le  one tba( me{ the
capability shown in lbc right band column would
salisfy cvcw tl~c most dcn]andiug of the. fu(uf c scicmcc
m i s s i o n s  d]a[ were survcyexl. III the fo l low ing
sections the fur(tm discussion and ra(ionalc  for the.
capability mmts is given.

smsO~_@)atri!i[y  PkmJs
‘1’IIC il]tcgla(cd needs of science instruments arc.
pIcscIIIcd in ‘1’able. 2. The.sc. capabili[ics  and
tcclmologics were idcn[ificd as lhosc thal would Icsult
in smalkx, lightc[-, simpler, lc.ss cosl[y, mole reliable
future scicncc instrulnc.nts. 1( will hc clcai i[) (Ilc Iablc
that most of lhc needs arc strongly attached (0 a
particular technique, for example lightweight,
the.rlnally stahk optical materials arc mcdcd for

optical sensors wbcrcas  lcctmiqucs such as inflatahk
antennas a r c  nccdcd for micf-owavc scmors.  T bus
s o m e  sclcclion hctwccn mcasurcmcnt tczhniqucs is
i[dlercnl ill prioti[iz.itlg the tcclmologics.
~<filkM!C.fQf$QItiU~~~m~Md S

~~rfikj
Materials with light weight and low lhcr[nal cxpansioll
al c dc.sired fot op(ical inslrutnct)t su UC(UICS, optics
and in(c~ra(cd optical s(ruchrral asscmhlics. Silicon
(’atbidc is SCCII as a major candidate 10 tncet tllcsc
Ilccds.

L)pllcs
optical designs with widcficldsof vicwcm bc used
to eliminate scanning minor assemblies, thus g[cally
tcducing complexity, mass md cost.

c)~liid! Elmwm
Wedge fillers arc desired 10 provide spccmmclcl-
iunc(iotlali[y ill a  grca(ly reduced si7c. IIigh
pcrformar]cc, narrow hand optical ftl[crs arc desired
f o r  future itlslrumcm  tll;il r e ly  otl dclcc{illf: c.i[lm
l a s e r  backsca((cr 01 (hcr[nal Cmissioll frt)l[l (}K
atmosphc.rc.

‘1’able ‘2, lntc.gra(cd Sc[lsor ~apabili[ y Nmds
Gipallility (;wmal Ned

1.argc Area I’ushhroom ltnaging Multispc.ctral Arrays
Spccllomclcrs

Wide Angle optics 151040 dc.glees

Stable, 1.igb[ Wcigbt ol)tics and Support Silicon [’all)idc Or~O1llJJOsitCI  il(:tllC.llL\
St t-uclurcs

lmprovcd  LJV, Visible, 11<, aud LJ1lcoolcd
Micl owavc 1 klcctors

SuJ)CICOtldUClit]~ liOIO1liC(CrS lfowl’owct  lmaloscillamrs

1 hdmnccd  CYyocoolcrs 5S to 80 K
5 Year l,ifclilnc
1 .ow Vibt-a((my Disturbance

Solid Slate 1 .ascts (). S 102 mimm]s
Ioli+ 1() pulses

3 to 5% lifflcicncy

op(icalMixcrs  and Mullip]icls

Nanow Band optiml I;iltcts ().?.9 m ().32 mictms
().82 to 0.94 microns

ltnprovcd, 1.CSS Gstly ~alibratiou 0.4to  lotniclons
‘1’ccllniqucs

}Iigb Spccxt  Analog to Digilal >1? bils
~otlvcrlcrs

I)am (kmprcssion  ASI~S 1 X)sslcss

1.itnitd Ned

} lypcrspcctr :11 AT I ays
Wcllgc I’illcxs

~WIP (3 to 16 microns)
MM](: (54 to 183 Glw)

XJ 1045 K

2.5 ‘1’hy 1 meal oscillators

2.5 ‘1’hz

5% Radiomc.wic  Accuracy
1% Radiotnc(ric Stability

>14 bits (>1 Mk)
20 bits (O.? Mh~.)

1 I)ssy
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‘1’able 3. Slmcmaft  (kpat)ili(y Needs

(:apfibility Gmcr;lNcd - l.imitd Ncwl

I{csourc.c liffwient  Power Generation

lmprovcd  limrgy  Smragc capacity

I’rccisc orbit 1 )c(crmination

Miniaturimd At(iludc Ckm(rol

Advanced P1-opulsion SysIcms

lncrcascd Mass I)a[a Stomgc

1 illllalmd  on-I]oard l;light @npulcI

I ligh Ilandwidlh I)a(a Systems

Atonlic oxygcu Resistant Materials
and Siablc ~oa(ings

lnkgia(cd Multi-1’uncticmal
S(luclulc.s

liormalion }ilying Scpara[ion
Maintmlancc

Very Small, 1 .OW Gst Spacccrafl

—.

4010 5(I Wkg

40 m 60 Whr/kg
up to 30, 000 Cycks
3105  m

GI’S m a chip (N cquivalm

0.1 (Icglcc

IIigl] Specific lnlpulsc (500” (0 1000 s)
1 to22N ‘1’hrus[l.cvc]s

LJp (o 200 Gli

32 bit

50 Ml)/s
MIl,-S’t’1)-1773 with Backward
~ompatibility
lnlcrface Simp]iflcalion
ATM Pi OtOCOl

50 to 150 Ml)/s
X-Baud Phased ArIay
Ka-Iiand Phased  Amy (25.5 to 27
Glw)
Associakd Ka-lland Ilight
Ccmlpcmcm

400 to 1000 km Al[i[urlc (1’olar orbits)

Mcchmlic.al, Iilccll ical, l’hcrlnal

60 I(I 80 W/kg
>1 kw payload power
701090 Wl]r/kg

1 (0 0.1 m

0.01 to 0.003 dcgrcc for pixel
corcgis(raliou

0.1 N

?()() 10600” M h/S

300 to 600 M Ms

2S() to 350 km Al(i(udc

2500 k[n

l’CICQQWNttiCtiQM
‘1’hc future i[]vcs[igatiom desire fixed nml-deployable
higtl gain ankmnas lha( can be stccrcd electronically
m Icducc LhC mass, power, cos(, risk and comp]cxily
of prcscn( high g a i n  a n d  low gain a n t e n n a s .
Applications include bottl 1’1>1<SS  and direct to the
ground. Mos( modcra(c data rate missions arc well
served by raics in the rmgc of 50 to 150 Mt~/s while

lIIC aforementioned SAR and hypcrspcctral imagers
n e e d  raics a s  h i g h  a s  600 Mt)/s.

Materials
‘1’IIc need for materials also stems fr(ml lhe dcsilc m
operate at low altitudes. Some c)f LIICSC missions

require large deployable antennas and s(t uc[urcs  made
of plas[ic materials, such as ilKlalat~lcs.  PrcscIIt

6
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materials WC Susccplibk 10 degradation by atomic
ox ygcm.

Mu!tifunchral.  StJ tlChlrfX

I’ICSCM  spacecraft arc designed, built and (cstcd along
lines that stress functional and subsys[c.m  separation.
As spacecraf[ bccmnc  smaller tbc structures and the
Ic.ams that build tbcm must bccomc more highly
in(cgratc.d.

J’QrmdlQlt h’lylllg
I;orma(ion flying c o v e r s  a  spcclrum of missicm
arclli(cclurcs, all using more (Ilall one spacccl aft tha(
mgclhcr form H Iargcr mcasurcmcnl system. ‘1’his
capability is dc.sired fm several rc.asms, cl’hc fll st is to
cnab]c  tbc potential m rcplacc individual lX)S
illslrunlcllts willmut having t o  rcplacc cn(irc mul[i-
it~s[t-r]mcnt pla(forms,  “1’bc sc.cmd I-cason is (o allow
tbc cvcnlual rcplaccmc.n[  of lhc Iargc llltllli-illstrulllcllt
platfol-los wi(b a Iiutnbcr of much smal]cl coopcla[ing
si]lglc insltumc.tlt plalfonm.  ‘1’hc dlil-d Icason i s  t o
enable scicncc mcasurcmcnts Ihat by tbcil na~ulc. rely
ml multiple. spacccraf(, such as ilitcr-fcroll]ctl-ic SAR
and gravi(y mcasurcmcnt

YQry-sllld.spaGcGrdfl
S o m e  fu(orc m i s s i o n  arcbi(c.c[urcs rcquii c tk
(iispc.rsi(m of many small salcllitcs so Ibat
silnultallcms, gcograpbical I y scJmrakxi mcasurcmcmts
cm bc take.n. II] order [o build, Iauncb and opclam

s u c h  wtcllitc cons(cllalions.  cacb (mc musl  a )  cos[

hundreds of tbrmsands, ml mil l ions;  b)  wcigb
kilograms, m bundrcds of Iiiloglams and c) opcra(c
autonomously.

L)~)crdllQDsQ)abi!i(y  N.C.U!S
Tab]c 4 contaitls operations capability mcds that arc
Cxpcclcd to r e s u l t  in moIc aumnmous, Self
maintaining flight syslcms,  easier, lower cost access
to gtormd aotcnnas and m o r e  c[’flcicllt fyound
WUW)OI  ~ of data.

Q]l-l\(~fird !’IQLXSSIUg

Several of tllc missions can make usc of very
powcrfu] cm-board processors, citbcr gc.ncral puqmsc
01 dcdica(cd designs. I’roccssors wi(b “Gigal;l .01’S
equivalent” proccssil~g  speed can bc used m pcrfono
tbc (ypc of procc.ssiug  tha( is now done (m the ground
before. ally scicutific CM operational usc of lk data is
made. 1 ixamplcs arc processing of SAR data to lbc
ilnagc. s t a g e  or opcra(ions c m  spczially wcighlcd
combinations of spectral data from bypcrspcc(ral
iinagcrs. 1( is difficult to qua]ltify the processing
speed nccdcd for tbcsc t ypcs of procmms  because
two diffcmll  tc.clmology  p a t h s  migb( bc u s e d  to
pI ovidc (IIC capability, citk[ VCJ y powct-ful gcnc[-al
purpose. computers or spczially  designed digital sigmtl
pmccssom,.  “1’hc cboicc bctwcc[l [hc.sc sbrruld consider
tcclmology dcvclopmcnt  o r  non rccul”t”ing c o s t ,

recurring cost of cacll ncw dcvicc as well as the Illass
and power of tbc flight dcviccs.

AULQUQLUY
[iacb of the fulurc missions desires 10 operate wilb a
bigb dcgrcc of aumnomy  so lhat mu[inc opc~a[iom.
maiutcnancc.  and bcallb mon i to r ing  can bc. done
cfficicnlly. ~’here is also the desire [o cmmnalld tbc
spacecraft at a bigti lCVCI, so tba[ opcla[ions team
si~cs arc rcduccd and (IIC scientists can bc. io n~ol-c
clircct conhol of their cxpcrimcn[s.

6K)_UDd Slii(lQl!S
1 mvc.r cost, aumomous ground stations will rcducc
COSL by allowing more ground smions to bc widely
dispersed at tbc most cfflcicn[ locati(ms and opcralcd
by smaller staff. IIigbcr downlink mcs allow tbc data
to bc. transfcr(cd with fewer passes aid Icss usc of
groulid station time.

fjIQ.uDd ~)~[a l]andli~
IInprovcmcnts  itl ground data handliug, i[lclu(ling botb
s(omgc and dis(ribulion mc nccdcd 10 cfficim(ly
bandlc large data VOIUHICS and to distribute data
quickly m dispelscd  data users.

lIMC.IiKliYG ALUM
‘1’bc users of da{a from space bomc inshumcnts desire .
to comman(l tbc ilwcsligatiom at a high level and
Ilavc widely (Iispcrscd access to data over global
[Ictvmrks.

SIMWllMU&kiQD  &ChikCtllK  lkTC!QPlllC!lt
oncr  tbc capability nc.cds were idcn(if]cd, tbc.y were
(Iansmi(lcd (o d)c 11’IN’s so that d)cy could identify
(ccbncrlogies t o  supl)ly Lllc approplialr.  fu[lclionality
and pcrformmcc.  (kmcurlcnt  widl the 11’1)-1’ ac[ivity a
series of kchilology  valida(icm mission arc-l litc~lurcs
was define.d (o bc.lp focus lbc discussion. ‘1’licsc
n~ission archimc[urcs pmvidcd tbc 11’IY1’ lcclmology
dcwchpcrs w i t h  c]mugb of a  Inission con[cx[ [0
develop concepts atld costs fol actual tc.cl][]ology
{Ictllo]lstrti(io]ls,
‘i’hc validation Inission arcbitcc(urcs arc briefly
dcscribcd  io ‘ 1 ’ ab le  5, liacb cmc is hilt around a
scicncc ]nc.asurcmcnt d)cmc, including as i 1s
ccntcrpiccc an advanced instrumcll(  and tllcll kcy
supporting tccbmdogics. S o m e  o f  t h e  impm lanl

fcamrcs of tbcsc m i s s i o n  arcbitcclurcs arc t h e
following: a) shorl mission dcvclopmcnt  cycles with
a goal for tbc firs( Iauncb date iu Iatc 1998; b) small,
low cost Iauncb vchiclcs, t h e  biggcsl bcillg ol’ lIIC
1,Ml,V~l’aurus class, Lhc smallest of (IIC half-l>c~asus
class; c) sbor( lnission lifclimcs dc(cl”[nincd by LIIC
(imc Icquircd to validate tbc (czbuo]ogy and d) cacti
missio!~ dcmm~slrating  a n advanced cnd-twcnd
scicncc mcasurcmr.n( with 1)0 science data
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rcquircmcols as s u c h , only tbmc necessary 10 dcmmtra(c  m approach relative (o a lmwo smdard.

hhd~anccd (h~-Board Processing

PI ogrcssivc  IUigb( Scgmcu(
Autonrm y

1 ow Cosl Cirould Statims

Advanccmcm in Storage
MaIMgcmciI[ and “1’cchnology

1 mpmvcmcnts  io interactive ACCESS

‘1’able 4. operations (;apabili(y Needs
Gcmral Nmd

1 GFl ,01’S-cquivalcul
I ;fficicnt 1,oad Processing

Scbcduling and Sc.qucnciug
}’light Scgmcml }Icaltb
Summar i~,atiou
Iiaul[ l)c[cc[im,  isolation, and
Recovery
Auto Navigation and Gmkol

Global Gvcragc
50-150 Mbps l)owl]lilk

0.5 “1’11/day
ll~tciopclabili[y of Gmmcrcial
Media and Soflwarc

S(andardilcd IIIW  faces
Networking

1.imited  Ned 0

3 to 10 GIIJOPS-equivalent
l{usion of Multiple I)ata Streams

cloud and l’caturc Iiditing
Station Keeping and lkmna(ioll I;lyitlg

300 (o 600 Mbps ])owl]link

2 ‘Iw(lay

MISSION TITLE

LAND IMAGING

—

ATMOSPHERIC NADIR
SOUNDING

TROPOSPHERIC CHEMISTRY

TROPOSPHERIC WINDS

GPS
CO NSTELLA’TION/ATMOS
SOUNDING

IIGHTSAR

I.ARGE APERTURE/SOIL
MOISTURE

FLIGHT OF OPPORTUNITY

FORMATION
FLYINGERAVIIV

RAOAR

‘1’at)lc. 5. Sumna~t~—
KEY SCIENCE VISION AD DRESSEEI—-

LAND SURFACE CHARACTER IZATl Ot
AND USE; BIO PRODUCTIVITY

TEMPERATURE AND MOISTURE
PROFILINC3

TROPOSPHERIC OZONE AND
POLLUTANT MAPPING

TROPICAL TROPOSPHERIC WINDS

HIGH SPATIAL AND TEMPORAI
RESOLUTION TEMPERATURE
PROFILING
—-
G1OBAL TOPOGRAPHY AND
TCIPOGRAPHIC  CHANGE

G1OBAL SOIL MOISTURE

—
OCEAN WIND

—
QI.OBAL  GRAVITY MAPPING

WIND
CI.OUDS
OCEAN TOPOGRAPHY—

(rawlllan Mission A~cbi(ccturcs.
KEY TECHNOLOGY VALIDATION

ADVANCED IMAQER
FORMATION FLYING

.

LIGHTWEIGHT COMPACT SPECTROMETER
LONG WA VELENGTHOETECTORS
FORMATTON FLYING

LIGHTWEIGHT COMPACT SPECTROMETER
LONG WAVELENGTH DETECTORS———. —

LIGHTWEIGHT SOLID STATE LASER AND
TELESCOPE

VEFLY  SMALL S/C
S/C CO NSIELLATION
GPSON  A CHIP

LIGHTWEIGHT SAR COMPONENTS

VERY LARGE DE PLOYABLEANIENNA

SPA RSLARRAY  AN TEN NAIECHNIQUE

ADVANCED SMALL, LOW POWER
lNs TFFUMENT/COM  PONENTS

ADVANCED SMALL, LOW POWER S/C
COMPONENTS

.-

CLOSE FORMATION FLYING
S/C TO S/C RANGE AND RANGE RATE

MEASUREMENT
ACCELEROMETER

-.—.
LIGHTWEIGHT RADAR COMPONENTS

—. ———. ——..
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COMMENTS
— .—.
POTENTIAL REPLACEMENT FOR
LAN DSAT 8

POTENTIAL INFUSION INTO
NPOESS MONITORING
SATELLITES

.— .—

TECH DEMONSTRATION FOR
MISSING EOS MEASUREMENT
GOAL

POTENTIAL TO INCREASE
RESOLUTION AND DECREASE
COST OF ATM OS. SOUNDING
MEASUREMENTS

GREATLY REDUCE COST OF
FUTURE TOPOGRAPHIC
CHANGE MONITORING

TECH OEMO FOR MISSING
MEASUREMENT OF
HYDROLOGICAL CYCLE

OCEAN WIND AN EXAMPLE
OF SMALL INSTRUMENT DEMO

OCEAN CIRCULATION STUDIES

——



fhK$.lS~QIl.S
Gpability  and tcclmokrgy  needs have bccII colkc(cd
fl o111  lhc m a j o r  constilucncic.s  of d)c Missiou to
I’lanc[ Iiardl Program to provide guidance from Lhc
future user point of view to technology dcvcloi)crs  and
mission dcvclopcrs of tk Ncw Millennium program,
l]ccausc of dm real i ty  of  limilcd b u d g e t s ,  it is
anticipated lhal some prioritization will be required
and lha[ (IIC  Ncw Mil lennium missions MU
dcmouswa(c only a subscl of the d e s i r e d  fu[urc.
capabilities. I rooking outside of tha[ prqyam, tk
tcdmology  needs collcctcd  bcrc can serve as a guide
fot KxAuology  dcvclopcrs. A d d r e s s i n g  the n e e d s
dc.scI ibcd here with Ic.ss rCSOUI-CC  iu[cnsivc solu[icms

will cuablc cxci(iug  ncw missions as well as allow the

c o n t i n u a t i o n  O f  d)C 110S  mcmurcmcm a(  ~I”Cii(lY

mduccd COS1.

I’l)c aud)ors  ackuowlcdge lhc many coutributiom  of
Ncw Millennium project staff, UIC Scicncc Workiug
Chupsaud  lllcpar(icipaI)  lsiI)lllc MT1’El’wlltiol(]gy
lnfusiol) Plauning  Roccss.

Rckrwm
1. Caruso, l’. S., “1’cchuo]ogy lnfusim  Plan for lhc
Mission to l’lauc( }larlh Program”, 170-03.06, NASA
G o d d a r d  Sp:icc I;ligh[ Ccnlcr, Grccubclt  Marylaud,
l;c.bruary. 1996
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